Abstract. This paper presents breakdown test of Polyvinyl chloride hard (PVC), Polymethyl methacrylate (PMMA) under non-uniform electric field in transformer oil. PVC and PMMA are placed between point-plate electrodes. The result of the experiment shows that the breakdown voltage of point-plate electrodes is lower than point-point electrodes. PVC endures more breakdown voltage than PMMA. The breakdown voltage of transformer oil with double barriers placed close to electrode is maximum value at 216.5 kV and it is higher than that for single barrier of 205 kV. The results of the experiment can be used to design the blockage room between the conductor and ground in the transformer oil which has the limit space and can endure high breakdown voltage, and it suits the non-uniform electric field characteristics as well.
Introduction
The insulation in high voltage system works as the blockage between the conductors which has different voltage or between the conductors and ground. The solid and liquid insulation can be used together. There are widely used in high voltage systems, especially with the transformer oil, high voltage cable, capacitor and circuit breaker [1] .
The transformer oil is the liquid insulation [2] . It has good properties on heat transfer, inflammable and it can quench the electric arc. When breakdown occurs, it can recover its insulation properties [3] . However, its insulation properties will be lower, and it can endure the electric field of 10-25 kV/mm, it has the electrical resistively of 10 13 -10 14 Ω/cm at 20 ºC and the permittivity of 2.2 [4] . The solid insulator [5] should endure high breakdown voltage as the small materials should endure high mechanical in order to support weight, torsion, inflammable, nontoxic when it is burned. However, when breakdown occurs, it permanently loses insulation and cannot recover its insulation properties.
This research investigate on the endurance to the breakdown voltage of PVC and PMMA. They were placed between the electrodes in the transformer oil of the non-uniform electric field by testing two cases: point-point and point-plate by placing PVC and PMMA in two characteristics: (i) dielectric barrier with 2 mm thickness placed between electrodes (ii) two sheets dielectric barrier with 1 mm thickness placed closely between two electrodes. The damage zones from breakdown voltage can be observed by using a microscope after breakdown.
Equipment Setup
Electrode is made from brass and there are two types: (i) point type which has 20 mm of diameter with the 60º of sharp tip (ii) plate types which has 60 mm of diameter with 1 mm thickness. Two types of electrodes are tested, point-point and point-plate with 5 mm gap between electrodes as shown in The breakdown test of PVC and PMMA in transformer oil by using PTT Hivolt 99 transformer oil in the test. The environmental control in the test is the same condition: the operating room temperature is at 28 ºC, temperature of transformer oil at 30 ºC, atmosphere pressure at 745 mmHg, and 78% humidity. The high voltage direct current (HVDC) is applied to the electrodes and increased with the voltage rates of 2 kV/s until breakdown occurs at the electrode and dielectric barrier. After breakdown occurs, leave it for 20 min. to make the transformer oil to reform to be the insulator. The equipment details are shown in Fig. 4 . Fig. 4 The damage area of the dielectric barrier will be observed by USB microscope, it has an optical zoom of 20x -800x.
Results and Discussions
The results of the experiments can be classified into two cases as follows: The Breakdown Voltage of PVC and PMMA. The breakdown voltage of the dielectric barrier tests under HVDC. The results of the breakdown of PVC and PMMA blocked between point-point and point-plate electrodes in transformer oil are shown in Table 1 . The damage zones have been observed by using USB Microscope camera with 20X~800X magnifiers after breakdown. PVC has more damage zones than PMMA, but it has similar damage characteristic. Its damages look like a small hole. In addition, there were some cracks occurred around the edge which depends on the different breakdown voltages and the endurance of PVC and PMMA as shown in the Fig. 6 and Fig. 7 . Table 2 shows the breakdown voltage test under HVDC in the case of no dielectric barrier between electrodes at the gap of 5-30 mm presented in this sub-section. When the electrode gap increases, the breakdown voltage of transformer oil and air increases as shown in Fig. 8 . It was found that the transformer oil endures the higher breakdown voltage than air. For the breakdown voltage of PVC and PMMA in the transformer oil, PVC and PMMA can be used to block between the conductor and ground. In the case of pure transformer oil the breakdown voltage of 24.8 kV at the gap of 5 mm. On the other hand, the breakdown voltage of PVC and PMMA is 216.5 and 182.7 kV, respectively. Therefore, PVC and PMMA have a high breakdown voltage they cannot recover their insulation properties after breakdown. However, the transformer oil can recover its insulation properties after breakdown.
Conclusion
The endurance of breakdown voltage for the transformer oil with PVC and PMMA under non-uniform electric field by using point-point and point-plate electrodes is investigated in this paper. The PVC endures more breakdown voltage than PMMA. In the case of placing double barriers of PVC with a thickness of 1 mm between point-point electrodes, it can endure breakdown voltage of 216.5 kV, that is higher than placing single barrier with a thickness of 2 mm between electrodes endured breakdown voltage of 205 kV. Placing dielectric barrier blocked between point-point electrode endures the higher breakdown than that for point-plate. The breakdown voltage depends on the insulator material endurance, electric field characteristic and placing form of PVC and PMMA. The results of the experiment can leads to design the solid insulator which is effectively capable to use in high voltage equipment with withstanding the high voltage non-uniform field stress.
